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(54) CORONA DISCHARGE ELEMENT AND GAS TREATMENT DEVICE USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simultaneously 
remove particle-like contaminant and gaseous 
contaminant in exhaust gas by sandwiching at 
least one out of a porous filter composed of 
dielectric body and a dense dielectric body 
between a pair of electrodes. 
SOLUTION: An induction electrode la which is 
put into close contact with a dense dielectric 
body 2a made of ceramic such as alumina or 
glass such as quartz and is made of a plate, a 
net, or an deposited film of a conductive or 
semiconductive material and a discharge 
electrode 4a which is parallel to the induction 
electrode la are disposed. A plate-like porous 
filter 14a composed of dielectric material such as 
ceramic is disposed between the dielectric body 
2a and the discharge electrode 4a to form 
discharge spaces 3a, 3b. Both electrodes la and 
4a are held such that they are insulated from 
each other and an alternating current high 

voltage power source or a high voltage pulse power source 9 is connected between the 
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electrodes la and 4a via lead wires 7, 8. Particle-like contaminant in the exhaust gas to be 
treated is filtered and removed by the porous filter 14a and gaseous contaminant is 
dissolved by discharge plasma into radical safe gas and is removed. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A corona discharge element putting every at least one porous filter and dense 
dielectric which were constituted from a dielectric by inter-electrode [ of this couple ] in a 
corona discharge element which impresses alternating current high voltage or pulse high 
voltage to inter-electrode [ of a couple insulated by ** ], and generates corona discharge, 
respectively. 

[Claim 2]An alternating-current-high-voltage power supply or a pulse-high-voltage power 
supply is connected to inter-electrode [ of a couple insulated by ** ], a porous filter which 
comprised a dielectric which has fine pores which are filtered by inter-electrode [ of this 
couple ] by processed gas passing, and ** -- a gas processing device using a corona 
discharge element by which a dense dielectric being placed between at least one at a time, 
respectively. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention]This invention removes and disassembles the particulate matter and 
the gaseous pollutant which are contained in exhaust gas, such as a diesel power plant and 
various boilers, or, It is related with the corona discharge element for purifying the gas 
containing various organic solvents, a chlorinated organic compound, an offensive odor, 
etc., and the gas processing device using it. 
[0002] 

[Description of the Prior Art]As shown in drawing 9, the conventional corona discharge 
element The two insulated electrodes la, Generate discharge of the form called silent 
discharge by putting the dense dielectric 2a among 4a, and impressing alternating current 
high voltage or the pulse voltage 9 between these two electrodes, or, Discharge of the form 
called surface creepage was generated by forming the electrode la in the one side face of 
the dense dielectric 2a, forming the discharge electrode 4b in the other sides, and 
impressing alternating current high voltage or pulse voltage between these two electrodes, 
as shown in drawing 10 . 

[0003]The ceramics filter 11 of the shape of a nest of a bee in order to remove the 
particulate matter contained in the exhaust gas of a diesel power plant, as shown in 
drawing 11 is used, The processing-object gas 5 entered from the gas inlet 12, as the 
passing gas 10 shows the porous ceramic filter 11, when passing, separation removal of the 
particulate matter was carried out, and it had discharged as the end gas 6 of processing 
from the gas outlet 13. 

[0004] Particulate matter was not able to be removed, although plasma was able to be 
generated and the chemical reaction of the radical generated in plasma and the gaseous 
pollutant in exhaust gas was able to be generated in such a conventional silent discharge 
corona discharge element and surface creepage corona discharge element. 
[0005]The probability of collision of a radical and the molecule of the gaseous pollutant in 
exhaust gas is small, and the plasma generated in a silent discharge corona discharge 
element or a surface creepage corona discharge element had required time for processing, 
as a result of being formed on the surface of the very thin channel and the dense dielectric 
by which it is generated sparsely in the opening of the discharge space 3a. 
[0006]On the other hand, although the particulate matter which uses the carbon in a diesel 
exhaust as the main ingredients was able to be removed in the ceramics filter, to the 
gaseous pollutant, it was ineffective. 

[0007]Since the particulate matter removed out of exhaust gas with the ceramics filter was 
accumulated on a filter and produced clogging, it needed the work which it heats 
periodically, and carbon is burned and is removed. 

[0008]There was a case where temperature carried out an abnormal rise locally and a 

ceramics filter was damaged, at that time. 

[0009] 

[Problem(s) to be Solved by the InventionJThe purpose of this invention is enabling it to 
emit the particulate matter and the gaseous pollutant in exhaust gas outside as pure gas by 
removing simultaneously. 

[0010]Other purposes are to shorten time (processing time) required in order to raise the 
probability of collision of the radical and gaseous pollutant molecule which are generated 
with plasma, to decompose the gaseous pollutant molecule by the oxidation and a reducing 
action and to change into a safe molecule. 
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[OOllJOther purposes are for plasma to remove as carbon dioxide at low temperature, and 
to prevent breakage by partial heating of said ceramics filter, etc., when disassembling the 
particulate matter which uses the carbon in a diesel exhaust as the main ingredients. 
[0012]The purpose of further others is to make the particulate matter which uses the 
carbon in a diesel exhaust as the main ingredients act as a reducing agent of the nitrogen 
oxides in exhaust gas, to change nitrogen oxides into nitrogen and to process them. 
[0013] 

[Means for Solving the Problem]To inter-electrode [ of a couple insulated by ** produced 
with metal a semiconductor, etc. ], a corona discharge element of this invention, and a 
processing unit using it. Ceramics produced with dielectrics, such as ceramics, such as a 
porous filter and alumina, Put every at least one dense dielectric produced with glass, such 
as silica glass, respectively, and a corona discharge element is constituted, Corona 
discharge which impresses alternating current high voltage or pulse high voltage between 
these two electrodes, and has at least one discharge gestalt of surface creepage, silent 
discharge, and void discharge is generated, and nonequilibrium plasma is generated. 
[0014]At this time, particulate matter is deposited on a porous filter in a process in which 
this porous filter is passed for processing-object gas, such as exhaust gas, and it dissociates 
from exhaust gas. 

[0015]On the porous filter surface, surface creepage within fine pores of the shape of an 
internal minute opening simultaneously void discharge, In order that a radical and a 
gaseous pollutant by which at least one of the discharge [ those ] of each has occurred, 
and silent discharge is generated by discharge plasma at both sides or one side of a porous 
filter may collide within the surface of a porous filter, and internal fine pores, As compared 
with a case where it collides only in gas in the conventional discharge space, probability of 
collision becomes large, an oxidation-reduction reaction of a gaseous pollutant is promoted, 
and processing time can be reduced. 

[0016]Especially in exhaust gas discharged from a diesel power plant, when particulate 
matter which uses carbon in exhaust gas as the main ingredients is filtered with a porous 
filter, deposit it on the filter, but. It oxidizes to carbon dioxide in an operation of an 
oxidizing radical in discharge plasma which exists there, it becomes a gaseous substance, 
and is removed from on said filter. 

[0017]Since oxidation reaction to carbon dioxide of particulate matter which uses carbon as 
the main ingredients advances at low temperature at this time, problems, such as partial 
heating which leads to damage to a ceramics filter, are not generated. 
[0018]Since exhaust gas discharged from a diesel power plant has the high oxygen density, 
an oxide in which nitrogen oxides in exhaust gas are still higher order, for example, nitric 
oxide, is [ only oxidizing to nitrogen dioxide, and ] only in discharge generation plasma, 
Although it is difficult to remove nitrogen oxides in exhaust gas, it is coexistence of carbon- 
like particles, and if an operation of discharge generation plasma is especially received on 
the surface of a ceramics filter, since it is returned even to nitrogen, nitrogen oxides will 
become possible [ removing nitrogen oxides in exhaust gas ]. 
[0019] 

[Embodiment of the Invention]The porous filter produced with dielectrics, such as alumina 
ceramic, to inter-electrode [ of the couple insulated by ** produced with metal a 
semiconductor, etc. ], The dense dielectric produced with glass, such as ceramics, such as 
alumina, and silica glass, The corona discharge element which it put at least one [ at a 
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time ] is constituted, the corona discharge which has at least one discharge gestalt of 
surface creepage, silent discharge, and void discharge by impressing alternating current 
high voltage or pulse high voltage between two electrodes is generated, and nonequilibrium 
plasma is generated. 

[0020]When passing the porous filter of the above-mentioned corona discharge element 
and purifying processing-object exhaust gas, the gas passageway for making the inside of 
this porous filter pass through that is provided. 

[0021]When the particulate matter in processing-object exhaust gas is filtered with a 
porous filter, it is removed, and it decomposes into the radical more safe gas generated by 
discharge plasma, and a gaseous pollutant is removed. 

[0022]Since low temperature oxidation of it is carried out in an operation of discharge 
plasma and especially the particulate matter that uses carbon as the main ingredients when 
processing-object exhaust gas is exhaust gas of a diesel power plant is changed and 
emitted to carbon dioxide, when it is filtered with a porous filter, The state where there is 
always no blinding is held, and also a porous filter returns the nitrogen oxides of the 
gaseous pollutant in exhaust gas under an operation of discharge plasma, and can emit 
them as safe nitrogen gas. 
[0023] 

[Example]When the drawing of attachment of the example of the corona discharge element 
of this invention explains, as it is shown in drawing 1, It sticks to the dense dielectric 2a 
produced with glass, such as ceramics, such as alumina, and quartz, In parallel with this, 
the discharge electrode 4a is arranged with the electrode la produced by the board of a 
conductor or a semiconductor, the net, the vacuum evaporation film, etc., between the 
dielectric 2a and the discharge electrode 4a, the tabular porous filter 14a which comprised 
dielectrics, such as ceramics, is placed, and the discharge space 3a and 3b is formed. 
[0024]And the two electrodes la and 4a are insulated and held to **, and connect an 
exchange high voltage power supply or the high voltage pulse power 9 via the leads 7 and 
8 between these two electrodes la and 4a. 

[0025]When alternating current high voltage or high voltage pulse voltage is impressed to 
this inter-electrode one, as it is shown in drawing 2 , 3 d of silent discharge in the discharge 
space 3a and 3b on 14 s of surfaces of the porous filter 14a. And in surface creepage 14sd 
and 2sd, in the fine pores 14v inside porous filter 14a, void discharge 14vd occurs further 
on 2 s of surfaces adjacent to the discharge space 3a of the dense dielectric 2a. 
[0026]Plasma is generated by 3 d of such silent discharge, surface creepage 14sd, 2sd, and 
void discharge 14vd, The gas molecule which exists in the discharge space 3a and 3b or the 
fine pores 14v inside porous filter 14a is excited, the radical which is rich in reactivity - for 
example, -- although not illustrated -- an oxidizing quality - as radical -- reducing [, such as 
NO*, 0 2 *, and OH, ] - N*, N 2 *, CO*, etc. and ozone are generated in large quantities as 

radical. 

[0027]In drawing 2 in which it is a device as the example of the gas processing device 
using an above-mentioned corona discharge element is also shown in drawing 1, and the 
operation situation of the device is shown, Exhaust gas, such as a diesel power plant and 
various boilers, and an organic solvent, a chlorinated organic compound, If it introduces so 
that the porous filter 14 may be made into the passing gas 10 for the processing-object gas 
5, such as air containing an offensive odor etc., into the discharge space 3a by the side of 
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one of the porous filter 14a and it may pass through the discharge space 3b by the side of 
other [ of the porous filter 14a ], It collides with the radical and ozone molecule which are 
generated with plasma, and an oxidation-reduction reaction is carried out, and it is 
detoxicated and is emitted to the exterior of a gas processing device as the end gas 6 of 
processing at the same time the gaseous pollutant in the processing-object gas 5 receives 
bombardment of the electron in discharge generation plasma directly in that case. 
[0028]Simultaneously, since the porosity filter 14a deposits the particulate matter contained 
in it on the surface 14s when it **** the processing-object gas 5, the above-mentioned 
gaseous pollutant and particulate matter of the processing-object gas 5 are simultaneously 
removable. 

[0029]Especially, when the processing-object gas 5 is diesel-power-plant exhaust gas, 
particulate matter is using carbon as the main ingredients, and carbon carries out filtration 
deposition on the porous filter 14a, but low temperature oxidation is carried out and it is 
detoxicated as carbon dioxide, and it becomes gas and is emitted by operation of discharge 
generation plasma. 

[0030]When the processing-object gas 5 is diesel-power-plant exhaust gas, as shown in 
drawing 2, a lot of nitrogen oxides which are mainly concerned with the nitric oxide NO 
contain as a gaseous pollutant, but. As the carbon C by which filtration deposition was 
carried out on the surface 14s of the porous filter 14a shows the reaction situation in the 
inside of the discharge plasma in the ellipse of the figure, under discharge generation 
plasma, it acts as a reducing agent, The reaction which low temperature oxidation of the 
carbon C is carried out, and serves as carbon dioxide C0 2 is accompanied, and nitrogen 

oxides serve as nitrogen N 2 by a reduction reaction, are detoxicated, serve as the end gas 6 

of processing, and are discharged outside. 

[0031]The corona discharge element of this invention and the gas processing device 
example using it are not limited to what is shown in drawing 1, within the limits of this 
invention, can be changed selectively, or can be added and carried out. For example, 
instead of carrying out like the example of drawing 1, insulator arrangement of the 
discharge electrode 4a which was stuck to dense dielectric 2b like drawing 3. and was 
produced by the board of a conductor or a semiconductor, the net, the vacuum evaporation 
film, etc. may be carried out in parallel with the electrode la. 

[0032]Insulator arrangement of the corona discharge pole 4b produced by the board of a 
conductor or a semiconductor, the net, the vacuum evaporation film, etc. so that gas, such 
as slit shape, reticulated, and the shape of punching, could be directly passed on the 
porosity filter 14a like drawing 4 may be carried out in parallel with the electrode la. 
[0033]Still like the example of drawing 1, the electrode la, the tabular dense dielectric 2a, 
Instead of forming a corona discharge element with the discharge space 5 and the ceramics 
filter 14a made from a tabular dielectric, As shown not only in parallel-pole structure but in 
drawing 5, it may form in same mind with the cylindrical electrode 4c, the discharge space 
3a and 3b, the ceramics filter 14b made from a cylindrical dielectric, the cylindrical shape 
dense dielectric 2c, and the electrode lb. 

[0034]Or the dense cylindrical dielectric 2d can also be arranged like the example of 
drawing 6 to the inner surface of the cylindrical dielectric cylindrical electrode 4c in the 
example of said drawing 5 . 
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[0035]Or instead of forming the cylindrical electrode 4c in the example of said drawing 5 , 
as shown in drawing 7, the periphery of the ceramics filter 14b made from a cylindrical 
dielectric can be contacted, and ring shape or the spiral corona discharge pole 4d can also 
be arranged. 

[0036]Or as shown in drawing 8 . instead of the ring shape in the example of said drawing 
7, or the spiral corona discharge pole 4d, it is also possible to form the wire gauze-like 
corona discharge pole 4e. 

[0037]About the same portion as the drawing numerals shown in drawing 1 in drawing 
numerals of the example shown in above-mentioned drawing 3 thru/or drawing 8, and 2, it 
is the same also about the name and function of the portion. 
[0038] 

[Effect of the Invention]When processing-object gas passes this porous filter by having put 
every at least one porous filter and dense dielectric which were constituted from a dielectric 
by inter-electrode [ of the couple insulated by ** ], respectively, It becomes possible to 
raise substantially an operation (electronic bombardment and collision with radical ozone) of 
the discharge generation plasma generated in the surface and internal fine pores of this 
porous filter only as compared with the case of only passing discharge space. 
[0039]And the surface of a porous filter and the wall surface of internal fine pores serve as 
a place of the reaction of radical ozone and a gaseous hazardous substance molecule, and 
an oxidation-reduction reaction is promoted. 

[0040]These results become possible to shorten gassing time substantially only as 
compared with the case of only passing discharge space. 

[0041]When processing-object gas contains a particle state toxic substance, a gaseous 
hazardous substance and a particle state toxic substance can be removed simultaneously. 
[0042]When especially processing-object gas is diesel-power-plant exhaust gas, the carbon 
filtered and accumulated receives an operation of discharge generation plasma in a porous 
filter, low temperature oxidation is carried out to it, nitrogen oxides are returned 
simultaneously, and it is changed into carbon dioxide and nitrogen, respectively, and is 
emitted as harmless end gas of processing. 
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[Brief Description of the Drawings] 

fDrawinq li lt is a sectional view of the example of this invention. 

rDrawinq 2H t is an expanded sectional view showing the operation situation in the example 

of drawing 1 . 

["Drawing 3H t is a tectonic profile of another example of this invention. 

rDrawing 41 It is a tectonic profile of other examples of this invention. 

["Drawing 51 It is the example which made the discharging elements of drawing 1 concentric 

circle cylindrical structure. 

rDrawing 61 It is the example which made the discharging elements of drawing 2 concentric 
circle cylindrical structure. 

rDrawing 7H t is the example which made the discharging elements of drawing 4 concentric 
circle cylindrical structure. 

fDrawing 8H t is the example which changed the example of drawing 7 selectively. 

rDrawing 9H t is a sectional view of the conventional discharging elements. 

rDrawing lOH t is a tectonic profile of the conventional surface creepage corona discharge 

element. 

rDrawing lll lt is a partial enlargement sectional view of the conventional ceramics filter for 

diesel power plants, and its inside. 

[Description of Notations] 

la and lb Electrode 

2a and 2b Tabular dense dielectric 

2c and 2d Cylindrical shape dense dielectric 

The surface which touched the discharge space of the dielectric for 2 s 

2sd Surface creepage 

3a and 3b Discharge space 

3 d Silent discharge 

4a Discharge electrode 

4b Corona discharge pole 

4c Cylindrical electrode 

4d ring shape or a spiral corona discharge pole 
4e Wire gauze-like corona discharge pole 

5 Processing-object gas 

6 End gas of processing 
7, 8 leads 

9 An exchange high voltage power supply or high voltage pulse power 

10 Passing gas 

11 Porosity ceramic wall 

12 and 13 Gas entrance hole 
14a Porous filter 

14b The ceramics filter made from a cylindrical dielectric 

14v Fine pores 

14vd Void discharge 

The surface of 14s porous filter 

14sd Surface creepage 
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